A clinical test ofintestinal calcium absorption has been developed using non-radioactive stable strontium as a calcium tracer. In nine elderly subjects there was a close correlation between the fractional absorption of strontium and radioactive calcium (45Ca) during a five hour period after the simultaneous oral administration of the two tracers. Comparable precision was achieved with each tracer in six subjects in whom the test was repeated after two weeks. The effect of food on strontium absorption was examined in a further 33 normal subjects (age 21-60 years), and the administration ofthe strontium with a standard breakfast was shown to reduce the variance at individual time points. A simplified test in which serum strontium concentration was measured four hours after the oral dose given with a standard breakfast was adopted as the routine procedure. The normal range (mean (2 SD)), established over 97 tests in 53 patients, was 7*0-18-0% of the dose in the extracellular fluid. A further 30 patients with possible disorders of calcium absorption (10 with primary hyperparathyroidism and 20 with coeliac disease) were studied by this standard test. In both groups of patients the mean four hour strontium values were significantly different from normal.
Introduction
Recent interest in the role ofcalcium supplements in preventing and treating osteoporosis has underlined the need for a simple and inexpensive test of calcium absorption. Relative malabsorption of calcium occurs in a significant proportion of osteoporotic patients, and in this group dietary calcium and even conventional calcium supplements may not be adequate to maintain calcium balance. Conversely, unsuspected calcium hyperabsorption can cause hypercalciuria and subsequent renal stone formation in susceptible subjects.2 Such patients can be identified by calcium tracer tests, which usually entail the administration of a radionuclide such as 45Ca or 47Ca. These tests are expensive and usually available only in major centres. Because the tracers are radioactive their use is restricted to older patients and they are not generally suitable for repeated measurements.
The need for a more suitable clinical test with wider application led us to develop a test ofcalcium absorption using stable strontium. In an earlier study we showed a close correlation between serum 45Ca and stable strontium concentrations after an oral dose of the tracers given on consecutive days under fasting conditions in patients with various abnormalities of calcium metabolism. 3 In this study we compared the simultaneous absorption of 45Ca and strontium in normal subjects and assessed the comparative precision of each test. To optimise and simplify the procedure we took serum samples for measurement at different times and studied the effect of a standard breakfast on the absorption oforal strontium. A modified strontium tracer test was then used to assess patients in whom intestinal calcium absorption was likely to be abnormal.
Patients and methods
Oral doses of 5 itCi 45Ca with 20 mg of calcium carrier (as the chloride) or 2 5 mmol stable strontium chloride, or both, were given with 200 ml distilled water with the patient either fasting or eating a standard breakfast that contained 1-2 mmol elemental calcium (46 mg) by analysis. (The standard breakfast was 100 g (dry weight) canned peaches in 50 ml peach juice, two slices of thin white bread with butter (10 g), and honey (10 g). A morning snack given two hours after strontium administration was 250 ml pure orange or mango juice and two roundwine biscuits.) 45Ca was measured by liquid scintillation counting with a toluene triton scintillant. Strontium was assayed by an atomic absorption spectrophoto-meter (Varian-Techtron, Melbourne); a lanthanum chloride/hydrochloric acid diluent was used to remove interference from phosphate, and absorbance was measured at 460-7 nm.4 The interassay coefficient of variation of strontium measurement was 1-45%. further analyses the strontium data were thus transformed. The 95% confidence intervals were calculated for the mean data as ± 1-96 x standard error of the transformed mean then reconverted to the dose units. The confidence limits for the regression coefficients were calculated by the formula +±t(o.o5,.)x SE($) where i is the estimated regression coefficient in the model Ca= O x Sr, and n is the number of subjects.
All subjects gave informed consent and the studies were approved by the Auckland Hospital ethical committee.
Results
The fractional absorption of strontium was about half that of 45Ca, but the pattern of serum concentrations plotted against time was very similar. There was a close correlation between 41Ca and strontium concentrations at all time points (correlation coefficients, range 0-98 at one hour to 0-986 at four hours) with the same slope for the regression over the three, four, and five hour samples by the General Linear Models procedure, with an F test for significance of difference between the correlation coefficients ( fig 1) . Table I shows these results with the variance and precision obtained by repeating the test in six of the nine subjects after an interval of two weeks. The variance of the strontium data was less than that for 4"Ca at all time points; however, the differences in relative size of the means gave a comparable precision (about 30%) for repeated tests for both tracers. Figure 2 shows the effect of the standard breakfast on strontium absorption. The fractional absorption of strontium at each time point was reduced but the shape of the absorption curves remained unchanged.
BRITISH MEDICAL JOURNAL VOLUME 295 25 JULY 1987 Administration of the strontium dose with the standard breakfast resulted in a significant reduction in variance within and between subjects (table II) with a consequent improvement in precision of repeated single measurements at one, four, and five hours. The mean five hour urine strontium excretion was 1-29% (range 0 30-2 89%) of the administered dose. Strontium absorption was tested in 34 fed normal subjects (mean age 44 years, range 21-78 years) on 59 occasions at one, four, and five hours. There was no significant difference between the four and five hour values indicating that equilibrium had been reached by this time. A simplified test in which serum strontium was measured four hours after the oral dose given with the standard breakfast was adopted as the routine procedure and performed in duplicate in a further 19 subjects. Data from a total group of 97 observations in 53 fed subjects provided the basis of the normal range and final estimate of precision (table III) . Because the data showed a significant skewness to the upper range these values were transformed before calculating the mean and 95% confidence interval. For clinical purposes, the normal range for the four hour value was taken as 7-0-18-0% of the dose in the extracellular fluid. To evaluate further the standard test in a clinical setting strontium absorption was measured in 30 patients with possible abnormalities of calcium absorption (fig 3) . In seven out of 10 patients with mild to moderate primary hyperparathyroidism the four hour serum strontium concentration was above the upper limit of normal and the mean concentration was significantly increased as shown by the t test on the transformed data (p<O0OOl). In contrast, four hour strontium concentrations were below normal in more than half of 20 patients with biopsy proved coeliac disease and the mean was significantly lower than normal (p<O0001). Nineteen of these patients were on a gluten free diet and in all the results of biochemical tests were normal. In the one untreated patient the four hour strontium concentration was 4% of the dose in the extracellular fluid which was well below the lower limit of normal.
Discussion
Stable strontium has several advantages over 45Ca or 47Ca radionuclides for testing calcium absorption. It is cheap, widely available, and can be measured with equipment found in many hospital laboratories. (In New Zealand beta scintillation counters, which are needed for counting 45Ca, are found only in major hospitals; spectrophotometric equipment, however, is found not only in major centres but also in a fair number of smaller hospitals.) Because it is non-radioactive the effect of treatment on calcium absorption can be assessed with repeated tests. This study confirmed that in normal subjects there is the close correlation between the absorption of strontium and 45Ca that has already been shown in patients with various disorders of calcium metabolism.3 The closely matched absorption curves support in vitro evidence that calcium and strontium are absorbed by the same intestinal mechanism, although the lower serum strontium concentrations at each time point reflect its less avid binding to the calcium carrier protein. 6 Previous studies have suggested that there is considerable day to 233 day variation in calcium absorption within individuals, but relatively The administration of the strontium dose with food had a much greater influence on the within and between subject variance than did the choice of sampling time, and there was a striking improvement in these indices when the strontium was given with a standard breakfast. This finding supports the observations that the calcium absorption test is likely to be less variable when the tracer is given with food." In the present study absorption was measured with greater precision by strontium than by 45Ca. Furthermore, the within subject precision of 25% for the four hour serum strontium concentration is similar to the 95% confidence limits for an observed 
